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Abstract
This paper describes the establishment of a strategic programme of physical restoration on a series of 
English rivers with special protection status.  Over a period of 10 years, decision-making processes 
have been developed to encourage long-term and ambitious thinking in tackling the damaging 
modifications that have affected these rivers.  The programme is based on natural ecosystem 
function generated by natural riverine processes.  The decision-making process aims to tackle 
practical constraints to more natural river function and to generate strategic plans around which 
available resources can be harnessed in a coordinated and logical fashion, in partnership with local 
stakeholders and landowners.  The programme has been successful in developing strategic plans 
for most specially protected rivers in England, and practical implementation of measures is well 
underway and increasing each year.  The process has been valuable in providing a basis for bids 
to a range of domestic and European funds, and for drawing local stakeholders together within a 
common delivery framework.  Over time, more local stakeholder resources are becoming available 
as the benefits of restored natural ecosystem function are becoming more apparent.  The physical 
modifications affecting these rivers reflect the impacts on the wider river network in England and in 
other developed countries.  The lessons learnt from this programme over the past 10 years will be of 
use to those working on river restoration elsewhere in England, the UK, Europe and further afield.  
Whilst the current global economic outlook for funding is bleak, the processes established in England 
allow available resources to be harnessed and used in the most efficient way possible.  This will be 
important for river restoration initiatives wherever they are attempted and for whatever purpose.
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Introduction
Riverine Sites of Special Scientific Interest (SSSIs) in 
England provide a useful platform for demonstrating 
large-scale strategic approaches to river conservation 
(Mainstone, 2008).  Together they cover a wide 
range of environmental variation in river habitat and 
associated catchments.  Individually they capture the 
full longitudinal continuum of change from source 
to sea, and whilst they were selected as best (least 
impacted) examples of type they still suffer from the 
full range of anthropogenic stresses found in the wider 
river network.  Importantly, they carry additional 
drivers for restoring habitat condition beyond the 
general requirements of the EC Water Framework 
Directive (WFD, European Parliament & Council, 
2000).  Many riverine SSSIs are designated as Special 
Keywords: River restoration; protected sites; river habitat; river biodiversity; Sites of Special Scientific 
Interest; Habitats Directive; Water Framework Directive.
Areas of Conservation (SAC) under the EC Habitats 
and Species Directive (known as the Habitats Directive 
-– European Parliament & Council, 1992) and therefore 
require concerted action under European law. There 
are also domestic objectives to restore SSSI condition, 
most recently as part of the Government’s Biodiversity 
2020 agenda (Defra, 2011). 
A range of plans and measures exist to restore 
English riverine SSSIs to favourable condition, relating 
to various human stresses on key components of 
habitat integrity (flow regime, physical habitat, 
water quality and biological integrity – the latter in 
relation to direct biological stressors such as fishery 
manipulation and non-native species).  A conceptual 
framework of Limits of Liability (LOLs) is used to 
help define the extent to which different stresses, and 
different contributions to those stresses, need to be 
Fig.1.  The concept of Limits of Liability as applied to decision-making on freshwater sites with special designations for wildlife (from 
Mainstone & Clarke, 2008).  The red ellipse indicates the focus of the physical restoration programme on riverine SSSIs.
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acted on to restore all components of habitat integrity 
and achieve ‘favourable condition’ (Fig. 1, Mainstone 
& Clarke 2008).  This framework allows all those 
stakeholders who have a part to play to understand 
their contribution and progress it to appropriate 
timescales in parallel with the contributions of others.
This paper focusses on the strategic programme of 
work to address impacts on the physical condition of 
riverine SSSIs, related to historical modifications and 
on-going management of channels, banks and riparian 
areas.  This is one facet of work to restore the condition 
of these rivers, forming one of a number of so-called 
‘remedies’ that are recorded against each site, assigned 
to relevant parties and tracked by Natural England 
to ensure that they are implemented adequately. 
The riverine SSSI series
Owing to the particular challenges that rivers pose for 
SSSI management, strategic notification of riverine SSSIs 
did not occur in England until the 1990s.  At this time a 
national series was established comprising best examples 
of the variation in river habitat, based on ‘whole-river’ 
(source-to-sea) notification.  Riverine SACs were 
established some time later, based on the existing SSSI 
network but involving extensions and additions to the 
SSSI series in some cases.  The full picture of river SSSI 
notifications in England is complicated by notifications 
solely for certain individual species (i.e. not river habitat), 
notifications of some short river sections, and notifications 
solely for geomorphology and geology.  In addition, many 
rivers run through terrestrial SSSIs but are not formal 
notified features of those sites. 
The main riverine SSSI notifications for biological 
(habitat and species) features in England are shown in 
Fig. 2.  As is evident, nearly all of these rivers are primarily 
notified for their river habitat, with river type normally 
characterised by a macrophyte-based classification (Hol-
mes et al., 1999).  Most of these rivers have supplementary 
notifications for individual species, mainly species listed 
under Annex II of the EC Habitats Directive.  Only a few 
rivers are designated for species without an underpinning 
river habitat notification. 
The extent to which the SSSI series represents the full 
variation in natural environmental conditions in the Eng-
lish river network is illustrated in Figs 3 and 4, using some 
key environmental parameters -– distance from source, 
site elevation and Base Flow Index.  Base Flow Index is 
an indicator of the ‘flashiness’ of a river, with high values 
indicating strong contributions from groundwater and 
low values indicating strong contributions from surface 
run-off.  Whilst environmental variation in rivers is driven 
by a wider range of factors, these graphs suggest that the 
riverine SSSI series provides reasonable representation of 
the habitat variation in the English river network, at least 
at a national- scale.  Further characterisation and analysis 
of the riverine SSSI series is provided in Mainstone et al.(in 
press).
Fig. 2.  Riverine SSSIs in England designated for river habitat and 
species (note that this map is not comprehensive but shows most 
notifications).
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The SSSI feature of ‘river habitat’ covers the river chan-
nel, its banks and immediate riparian zone, and (depend-
ing on site-specific boundary locations) may also cover 
wider hydrologically connected riparian and floodplain 
areas.  Management objectives are based around natural 
habitat function, in respect of flow regime, geomorpholo-
gy, water quality, connectivity and characteristic biological 
communities.  The needs of individual species, includ-
ing those that form part of the notification for a site, are 
addressed to an extent that is characteristic of the natural 
habitat function of the river.  This is conceptualised as 
a ‘habitat-led, species-aware’ approach, nested within 
a  natural process-led, habitat-aware  approach.  Further 
information on the assessment of SSSI condition in respect 
of river habitat can be found in JNCC (2014).
The need for physical restoration of 
rivers
River ecosystems are subject to a complex mixture of anthro-
pogenic stresses that combine in ways that are difficult to 
disentangle.  Physical impacts on rivers are part of this mix-
ture and have to be addressed alongside other key impacts, 
such as those on water quality and flow regimes.
The physical character of the English river network has 
been  modified extensively over many centuries. Chan-
nels have been moved, straightened, widened and deep-
ened to reduce flooding of adjacent land, enhance land 
drainage and facilitate agricultural, urban and industrial 
development.  In-channel structures (e.g. weirs , sluices, 
dams) have been constructed to hold water levels up for 
various purposes (e.g. abstraction, navigation, angling). 
Banks have been stabilised to prevent movement of the 
river channel.  This history of modifications mirrors that 
in countries across Europe and further afield, driven by 
the same demands for agricultural, urban and industrial 
development.  The English river SSSI series reflects these 
modifications, since all rivers of any size have generally 
been modified in similar ways according to the natural en-
vironmental characteristics of the channel, floodplain and 
wider catchment  
The River Habitat Survey (RHS – Raven et al., 1997) 
provides useful information on the extent of physical 
modifications to the English river network, albeit at a 
limited range of survey sites (see Environment Agency, 
2010).  Fig. 5 shows the levels of modification in English 
rivers recorded in the national RHS database, according to 
Fig. 3.  Coverage of the river habitat SSSI series in respect of 
distance from source (m) and Base Flow Index.  The background 
colour is the frequency of occurrence of all rivers – orange is 
lowest frequency, then yellow, green and turquoise, with blue the 
highest.  The SSSI river habitat series is shown in red – the redder 
the colour, the greater the occurrence.
Fig. 4.  Coverage of the river habitat SSSI series in respect of river 
elevation (m)  and Base Flow Index.  The background colour is 
the frequency of occurrence of all rivers in England – orange is 
lowest frequency, then yellow, green and turquoise, with blue the 
highest.  The river habitat SSSI series is shown in red – the redder 
the colour, the greater the occurrence.
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a compound measure of modification called the Habitat 
Modification Score (HMS).  The HMS includes informa-
tion on modifications such as channel straightening, chan-
nel and bank resectioning, bank reinforcements, and im-
pounding structures.  Considerable levels of modification 
are evident across all habitat types in England, though the 
nature of these modifications varies.  Significant impacts 
on the river SSSI series are evident. 
Other sources of information provide more compre-
hensive data on particular types of modification.  For in-
stance, it has been estimated from information collated by 
the UK environment agencies that there are around 26, 000 
in-channel structures recorded in the UK river network, 
the majority of which are located in England.  This figure 
is likely to under-estimate the number of small structures 
on small streams, which constitute over half the total chan-
nel length of the river network in the UK (Smith & Lyle, 
1979).  Fig. 6 indicates the extent and distribution of record-
ed structures in England and again shows the significant 
modifications on the river SSSI series.
The physical effects of these modifications on river ecol-
ogy vary widely depending on the nature and scale of the 
modifications and the natural environmental behaviour of 
the river.  Loss of habitat complexity is a common theme, 
along with loss of river length and therefore habitat extent. 
Components of river habitat that are often reduced in ex-
tent in lowland areas are shallow water, coarse substrates, 
gently sloping banks (Pedersen et al., 2006), woody debris 
and leaf litter (Hladyz et al., 2011).  In upland, high gradi-
ent rivers, channelisation reduces river length and hence 
often increases stream gradient significantly, leading to 
loss of slack water areas (including pools) and a prevalence 
of uniformly high hydraulic stress throughout the river 
channel.  In these higher energy environments the river is 
often pinned into a fixed position by bank reinforcements, 
again creating loss of marginal wetland transitions and 
preventing the river from renaturalising its planform and 
re-forming a characteristically diverse mosaic of in-channel 
and riparian habitats.
Channel deepening (often in conjunction with close-
fitting floodbanks) disconnects the river from adjacent 
wetlands, which are drained and lost unless weirs and 
dams are constructed that impound the river and maintain 
water levels at critical times of the year.  Such impound-
ment causes siltation, loss of coarse sediment supply to 
downstream reaches, obstacles to biological movement, 
water level stabilisation, and associated loss of wetland 
transitions, running water habitats and ephemeral habitats 
Fig. 5.  Habitat Modification Scores for English rivers (data from the Environment Agency River Habitat Survey database).  Rivers are 
typed according to the Water Framework Directive reporting typology.  Within each type, WFD waterbodies are grouped by mean 
HMS score – Class 1 (least modified, i.e. semi-natural) in white, with an increasing grey shade up to Class 5 (considerably modified). 
SSSI waterbodies are shown in red.  Note that the y-axis uses a log-scale to provide sufficient resolution of the small numbers of SSSI 
waterbodies: 1 = 10, 2 = 100, 3 = 1000 waterbodies.
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such as seasonally exposed sediments.  Armitage & Pardo 
(1995) and Salant et al. (2012) illustrate the loss of character-
istic habitat mosaics that typically occur when a river is im-
pounded by small weirs, whilst Graf (2006) illustrates the 
increased uniformity of habitat conditions downstream of 
large dams.
Riverine species and assemblages are distributed 
naturally in river systems according to the natural habitat 
template provided by the river (Hynes, 1970; Townsend 
& Hildrew, 1994; Armitage et al., 1995; Harper et al., 1995; 
Townsend et al., 1997), interrupted (in unimpacted condi-
tions) only by hindrances to colonisation or recolonisation 
(Thompson & Townsend, 2006) caused by watersheds 
between catchments and natural physical barriers such as 
waterfalls.  Habitat utilisation is governed by the various 
traits (anatomical, physiological or behavioural) exhibited 
by individual species and their different life-history stages 
(e.g. Menezes et al., 2010).  Organisms may move between 
small-scale habitats to find optimal conditions according 
to the state of flow, seasons and stage of life cycle, and 
are dependent on the close juxtaposition of suitable habi-
tat patches and unhindered movement to do this (e.g. 
Mainstone et al., 1999).  Short-term fluctuations in flow 
generate a very dynamic picture of biological movement 
through space and time.
The impact of physical modifications is superimposed 
on this natural habitat template.  Characterising impacts on 
both habitat quantity and habitat quality is critical in under-
standing the full extent of the ecological and biodiversity 
effects of physical modification.  Species distributions will 
be truncated where access is restricted by barriers to move-
ment, (e.g. Lucas et al., 2009).  Species utilising habitats that 
are reduced in extent as a result of modifications will be 
disadvantaged, and are likely to suffer from population 
losses relative to unimpacted conditions.  For instance, in-
vertebrate shredders decline when wooded riparian zones 
are removed for intensive agriculture (Hladyz et al., 2011), 
as the foodweb moves from allochthonous food sources 
(particularly leaf litter) to autochthonous sources based on 
algal production.  Species may not be eliminated from the 
river, but will be restricted to residual suitable habitat.  With-
in this suitable habitat population densities may still be near-
natural, but when viewed at the reach-scale overall popula-
tion size will be reduced (e.g. Armitage & Pardo, 1995).   
Whether these types of effect are properly character-
ised depends upon the nature of biological and associated 
environmental monitoring.  An understanding of changes 
in the extent of meso-scale habitats (such as the hydraulic 
in-channel biotopes characterised by the River Habitat Sur-
vey) is required to properly understand physical impacts 
Fig. 6.  Numbers of in-channel structures (weir, dams) on English rivers (source data from the Environment Agency).  Rivers are typed 
according to the Water Framework Directive reporting typology.  Within each type, WFD waterbodies are grouped by the number of 
structures – Class 1 (least modified, i.e. semi-natural) in white, with an increasing grey shade up to Class 5 (considerably modified). 
SSSI waterbodies are shown in red.  Note that the y-axis uses a log-scale to provide sufficient resolution of the small numbers of SSSI 
waterbodies: 1 = 10, 2 = 100, 3 = 1000 waterbodies.
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on river ecosystems.  Routine biological, or environmental, 
monitoring of rivers is not geared to detecting such effects 
(Armitage & Pardo, 1995), and so their importance is typi-
cally heavily under-estimated by headline reporting of riv-
er status (under the WFD, for instance).  
Reversing these effects is critical to the restoration of 
river ecosystems, particularly in the face of climate change 
where the restoration of natural ecosystem function is the 
key adaptation principle for freshwater habitats (Kernan et 
al., 2012).  Further explanation of the ecological rationale for 
riverine SSSI objectives and  management can be found in 
Mainstone et al. (2016).
Approaches to river restoration and 
evidence of success
The ecological evidence base underpinning the physical 
restoration of rivers is often contradictory (e.g. Feld et 
al., 2011) due to the wide variation in circumstances in 
which restoration takes place (varying types of modifi-
cation, types and scale of restoration measure, types of 
river, and the presence of other anthropogenic stresses 
that confound recovery) and the type of monitoring 
employed to evaluate success (habitats versus biologi-
cal, broadscale versus small-scale, types of biological 
end-point, wider ecosystem services objectives such as 
fisheries).  When viewed from a narrower perspective, 
focusing on a large-scale approach to ecological restora-
tion based on natural processes, the evidence base starts 
to appear more coherent.  Coherence is improved further 
by recognition that physical restoration forms one part 
of a wider framework of measures seeking to deal with 
multiple human stressors in a proportionate way.  Physi-
cal restoration of rivers can only bring about physical 
restoration of habitats, and even then only in conjunction 
with any restoration of the natural flow regime that is re-
quired; other measures (such as water quality restoration 
and control of non-native species) are likely to be needed 
to bring about full biological restoration. 
One important point to remember is that restora-
tion based on natural riverine processes (or indeed any 
approach to restoration) does not benefit all river habitats 
and all riverine species – it aims to restore natural habitat 
function and characteristic habitat mosaics and species 
assemblages. Some species benefit from physical modi-
fications to rivers, and these may even be critical species 
for conservation.  For instance, the white-clawed crayfish 
(Austropotamobius pallipes) is in a perilous state in England 
following the spread of non-native crayfish and associated 
disease, but habitat supply for the species can be greatly 
increased by weirs and artificial bank reinforcements that 
have abundant nooks and crannies. In such instances 
habitat restoration can imply a reduction in environmental 
carrying capacity to a presence that is more characteristic 
of the river in its unimpacted state.  At the level of species 
assemblages, restoration may even imply a reduction in 
diversity if current diversity is not based on assemblages 
that are characteristic of unimpacted conditions.  However, 
this circumstance is unlikely given the nature of physical 
damage to rivers and the diversity of the natural habitat 
mosaics that need to be restored.  On the floodplain, wet-
land biodiversity interest that has developed ‘on the back 
of’ certain physical modifications (e.g. water level control 
by weirs and dams) can be adversely affected by the re-
moval of those modifications, and the restoration planning 
process needs to manage such changes.
Until recently the ecological justification for an ap-
proach to river restoration based on natural riverine pro-
cesses was founded on the concept of the natural habitat 
template, supported by: (1) the collective knowledge base 
of generations of freshwater researchers from painstaking 
observations of the relationships between riverine organ-
isms and their physical environment; and (2) observations 
of the ecological impacts of physical modifications (see 
above).  For many river ecologists and river restorers this 
knowledge base is sufficient justification, although the use 
of the same knowledge base to justify small-scale habitat 
feature restoration in the absence of natural processes has 
damaged the credibility of this approach in the eyes of 
many (e.g. Palmer et al., 2010).  With increasing levels of 
investment in strategic restoration there is greater need to 
demonstrate the ecological benefits of river renaturalisa-
tion more directly, through the monitoring of restoration 
schemes.
The published literature is only just starting to pro-
vide tangible examples of the biological benefits of 
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restoring natural river habitat function, based on well-
constructed and adequately funded monitoring pro-
grammes.  Some examples are provided below. 
• A strategic assessment of 36 renaturalisation projects 
in Germany (Lorenz et al., 2013), covering 2nd to 6th 
order streams and rivers selected to avoid significant 
water quality problems, found generally wider and 
shallower channels with greater depth and substra-
tum variation and greater occurrence of shallow, 
fast-flowing areas suitable for spawning and juvenile 
development of a range of fish species.  This included 
small species such as bullhead, minnow and stone-
loach, where all life stages benefited from shallow 
areas of water, as well as larger species such as brown 
trout, barbel, dace and chub which benefited from 
the complex mosaic of spawning, juvenile and adult 
(deeper water) habitat.  
• An assessment of two large-scale river renaturali-
sation initiatives in Germany (LÜderitz et al., 2011) 
found large increases in habitat extent and diversity, 
including a 1.6- to- 2.4-fold increase in banklength 
and a substantial associated increase in substratum 
diversity.  These changes were associated with a 2- to 
3-fold increase in macroinvertebrate diversity and fish 
assemblages that were more similar to reference (un-
impacted) communities for the rivers involved.
• An assessment of renaturalising an Austrian river 
(Muhar et al., 2007) found improvements in habitat 
diversity and the natural fish fauna.  Again, restora-
tion of shallow water habitat was found to be critical 
to improvements in the fish fauna, particularly for ju-
venile recruitment of the dominant species (grayling, 
Thymallus thymallus).
These observations are as would be expected from the 
concept of the natural habitat template and our under-
standing of the impacts of key physical modifications.  As 
the number of large-scale restoration projects based on nat-
ural processes grows further, and monitoring programmes 
are increasingly structured to detect effects in an appropri-
ate way, so the evidence base for the anticipated ecological 
benefits can be expected to grow.
Socioeconomic implications of river 
restoration 
Rivers have been modified for many reasons over a 
long-period of time.  Many modifications relate to es-
sential flood management or transport infrastructure. 
Some have aesthetic or historical interest.  Many relate 
to current agricultural land use.  Some have become 
obsolete and are an unwanted burden of responsibil-
ity on their owners.  Of these obsolete modifications, 
there may be interest in re-use (e.g. for modern small-
scale hydropower).  Modifications are not all historical 
– there is interest in new modifications for various pur-
poses, including for flood defence, hydropower and 
water abstraction.  This diversity of societal attitudes 
towards river modifications greatly complicates the 
task of river restoration (Mainstone & Holmes, 2010).
The intimate relationship between many river modi-
fications, flood management and land use is particularly 
important.  Current modifications are often associated 
with historical approaches to flood defence and land use 
stemming from the post-World War 2 era.  The limitations 
of highly engineered river channels with greatly enhanced 
flood conveyance as a flood risk management tool have 
become all too apparent in recent years, as climate change 
predictions for more extreme weather conditions appear 
to become a reality.  Catchment-based flood management 
planning, incorporating natural river processes and con-
trolling artificial enhancement of flood energy through 
strategic land use and management planning, is the suc-
cessor to historical flood defence approaches (Pitt Review, 
2008) and is highly compatible with the ecological restora-
tion of river ecosystems.  
This modern synergy between the objectives of 
flood management and river ecosystem conserva-
tion, between two ecosystem services that have been 
diametrically opposed in previous decades, does 
not make river restoration an easy task, but it does 
provide a strong foundation for progress.  Other key 
synergies add further weight, such as between resto-
ration of semi-natural habitats in the headwater catch-
ments of rivers and (1) the control of flood generation, 
and (2) the retention of water in catchments for water 
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resource and wetland biodiversity purposes.  Against 
these positive drivers for progress must be set site-
level incompatibilities with existing river and land 
use, and understandable local stakeholder concerns 
about, and inertia to, changes in river form and man-
agement.
A considerable amount of the drive for river res-
toration originates from the angling community. 
One clear message from fish-related evidence is that 
a number of physical modifications (such as chan-
nelisation, channel deepening and impoundment) 
tend to create more extensive areas of fishable adult 
habitat (deeper water), and that this is at the expense 
of spawning and nursery habitat.  This potentially 
provides better conditions for catching large fish 
but at the expense of natural recruitment within the 
fish assemblage, which is either compensated for 
by stocking or a dependency on less impacted river 
habitat elsewhere in the catchment (if this exists).  Re-
storing natural channel dynamics can both provide 
both adult fish habitat and promote natural recruit-
ment, generating naturally recruiting fish populations 
amenable to high quality angling whilst supporting 
a full characteristic fish assemblage (in addition to 
the wider characteristic biological assemblage).  A 
shared rationale for improving the angling experience 
through the restoration of natural ecosystem function 
is needed to maximise synergies between biodiversity 
and fishery objectives.
Developing a strategic approach 
to the physical restoration of river 
SSSIs
Physical restoration was one of the last required remedies 
on riverine SSSIs to be tackled in a strategic way.  Whilst 
small-scale physical restoration schemes were relatively 
common, the scale of the task of addressing the impact 
of physical modifications across whole-river SSSIs was 
a daunting challenge.  Remedies with relatively simple 
resolutions and ready-made implementation mechanisms 
were easier to address, such as improved sewage effluent 
treatment through the water industry’s asset management 
planning framework.  However, the Government’s tar-
get to restore 95% of SSSI area by 2010, and the European 
Commission’s expectation that necessary measures to re-
store SACs would be in place by the same year, required 
that a strategic approach to physical restoration be estab-
lished and implemented.  The WFD additionally required 
that the objectives of specially protected areas (including 
water-related SACs) be met by 2015 (unless a case could 
be made for extended timescales), placing an emphasis on 
implementing measures.
A process was initiated in 2004 to develop strategic 
physical restoration plans across the river SSSI series on a 
prioritised basis.  The process required a set of guidelines 
that recognised the scale and difficulty of the task, the time-
scales required for implementation, the range of stakehold-
ers involved and the need to exploit a range of funding 
sources.  Equally, it was clear from the outset that, unlike 
other forms of SSSI management plan, river restoration 
plans could not be fully funded from the outset.  Instead 
they would have to act as bidding documents to secure 
sequential funding over extended periods of time.  Given 
the historical legacy of modifications, it was important to 
avoid blame and responsibility for impacts, and focus on a 
collaborative approach to solutions. 
Initial guidance on the planning process was trialled 
on pilot rivers in 2005/2006, following which the guide-
lines were revised and the Flood Risk Management (FRM) 
Function of the Environment Agency allocated funds to 
roll out the process on river SSSIs requiring the remedy on 
a prioritised basis. 
The planning process is based on a set of principles 
(Box 1) that helps to build a common understanding of the 
mindset needed in decision-making.  These principles are 
broadly similar to the principles for morphological resto-
ration adopted by the Environment Agency in the wider 
river network to address ecological status objectives.  This 
commonality of principles has allowed restoration work 
on specially protected rivers to be regarded as demonstra-
tion projects for similar work being considered in the wider 
river network. 
The local decision-making process is summarised in 
Fig. 7.  The technical process is built on strategic geomor-
phological appraisal (using fluvial audit principles – see 
10
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Sear et al., 2009) to assess the current physical state of the river, and an accompanying ecological appraisal to inter-
Box 1:  Principles of river restoration planning used for SSSI rivers in England
The decision-making process applied to protected rivers recognises that river restoration action:
• requires strategic planning at the catchment scale if it is to be targeted and cost effective;
• is potentially highly costly and needs to maximise the use of assisted natural recovery;
• is rectifying damage caused by a range of historical activities, many of which were state-endorsed and/or state-funded at the time;
• is the joint responsibility of organisations and land owners involved in water and land use;
• has a range of potential benefits beyond ecological/conservation objectives that need to be maximised, including catchment flood 
risk management, water resources management, fishery improvement and landscape and recreational value, ecosystem services 
provision, and increasing resilience to climate change;
• has a range of potential dis-benefits that need to be minimised, including increased flood risk, fishery modifications that are 
undesirable to local anglers, abstraction difficulties, and impacts on the historic built environment and land use potential;
• is likely to take considerable time to achieve in its entirety;
• needs to be taken into consideration in reactive evaluation of proposals to maintain or add to existing physical modifications, 
particularly those concerning in-channel structures and proposals for hydropower schemes;
• needs to draw on the full range of available funding and resourcing mechanisms appropriate to the measures needed;
• needs to take climate change into account;
• needs to have clearly identified ecological success criteria;
• can be delivered using an adaptive management approach, supported by monitoring. 
Fig. 7.  The process for developing a strategic restoration plan.
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pret the impact on river habitat and associated biota.  This 
helps to establish a ‘restoration vision’ for the river based 
on natural habitat function, identify and prioritise restora-
tion measures, and set out how they can be delivered in 
partnership with key interested parties.  A range of guid-
ance material was developed to help local staff apply the 
decision-making process (Fig. 8), comprising over-arching 
guidance on all steps of the process, technical guidance on 
the geomorphological appraisal and associated ecological 
interpretation, and a series of ‘help notes’ on commonly 
occurring issues where local staff require further advice. 
The process, together with the guidance underpinning it, 
has allowed consistent and transparent decision-making 
across the river SSSI series, and facilitated the involvement 
of those interested in, or impacted by, the proposals.
The resulting river restoration plan for a river is neces-
sarily high-level as it covers the whole river.  It results in 
the broad identification of appropriate restoration meas-
ures for each river reach (a reach may be a few hundred 
metres to several kilometres long), taking into account im-
movable constraints (essential infrastructure that cannot be 
removed even in the long- term).  The reach-level measures 
defined should be challenging but realistic in terms of the 
constraints imposed by land management, particularly im-
movable constraints imposed by flood risk to people and 
the built environment and by public water supply. 
The aim of the restoration planning process is to de-
velop a technically sound restoration plan, but equally 
importantly to build consensus, establish a local delivery 
partnership (which may involve working with a catch-
ment partnership established under the WFD), and to em-
bed the restoration plan into delivery mechanisms such as 
agri-environment schemes, flood risk management main-
tenance and capital works, and regulation of activities that 
affect the river system such as land drainage, development 
planning and environmental permitting.  
An important element of the guidance has been the 
linkage between different types of restoration measure and 
Fig. 8.  The structure of guidance to local staff on strategic restoration of the river SSSI series.
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the delivery mechanisms most suited to their implementa-
tion.  This is particularly important for an issue such as the 
physical restoration of rivers, where a wide range of fund-
ing sources and delivery mechanisms are potentially avail-
able but their use is restricted in various ways.  For instance, 
agri-environment schemes are an essential funding source 
but their application (in the context of river restoration) is 
largely restricted to the management of riparian land.  It is 
important that strategic plans recognise these linkages and 
enable funding bids to be directed at the right mechanisms 
for the right measures.
Highest priority was to prepare and start implement-
ing plans for SAC rivers by 2010, to address Habitats Direc-
tive requirements as far as possible.  Once plans started to 
be generated, they provided the platform for securing re-
sources for implementation from a range of sources. Fund-
ing was initially dominated by Environment Agency FRM 
budgets but diversified over time to include contributions 
from WFD delivery, agri-environment schemes, the SSSI 
management scheme, the European Commission, private 
landowners, rivers trusts and other environmental bodies. 
Although the spirit of the planning process is in harmo-
ny with the spirit of the WFD (i.e. restoration towards un-
impacted conditions based on natural processes), defining 
more tangible links (beyond the broad principles outlined 
in Box 1) proved elusive.  Iimplementation of the WFD  is 
strongly linked to the classification of ecological status, and 
ecological status is assessed (at least in the UK) using in-
dicators that are generally not very sensitive to the impact 
of physical modifications (other than barriers to salmonid 
Fig. 9.  Progress with SSSI river restoration planning and implementation (Natural England, 2015)
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migration).  In addition, WFD waterbodies judged to be 
failing good ecological status (GES) because of physical 
modifications are subject to socioeconomic tests to assess 
the affordability and desirability of restoration, tests which 
necessarily have to be set considering the practicalities and 
costs of restoring the whole river network.  Such tests are 
not designed to be applied to rivers with special designa-
tions for wildlife, where decision-making often includes 
greater restoration ambition and a longer term perspective 
on realising that ambition.
Production of strategic restoration 
plans
Plans have been developed on a prioritised basis since 
2006 and now most of the river SSSI series is covered.  Col-
laboration between Natural England and the Environment 
Agency, achieved by jointly owning the river restoration 
remedy on river SSSIs (even though many other stakehold-
ers are involved in its delivery), has been central to the pro-
duction of these plans.  A summary of the situation on each 
river SSSI is provided in Fig. 9. 
As of August 2015, a total of 23 SSSIs have plans in place 
out of 30 that need them, with a further 4 at a very late stage 
of development.  The completed plans cover approximate-
ly 1647  km of the 2155 km total of SSSI that require them, 
whilst the 4 at a late stage cover a further 385  km.  Initial 
implementation measures are in place on 95% by length of 
Natura 2000 sites that had a river restoration measure as-
signed to them in the first phase of WFD implementation 
(2009-–2015).  Work is in progress to develop plans for the 
remaining rivers.  Key components of a strategic plan are 
described below.
a) Desk studies 
An initial desk study is undertaken, analysing and pre-
senting all relevant information on the river, including 
current WFD and River Habitat Survey data, previous 
geomorphological survey work, planned restoration and 
the effectiveness of existing restoration, flood maps and 
any previous flood modelling work.  The study is used to 
make recommendations for additional data gathering, in-
cluding detailed geomorphological survey.  It is also used 
to assemble information on the catchment and channel 
from the range of published and unpublished data sources 
including scientific papers and reports and datasets such as 
River Habitat Survey.  This desk study is used to:
• develop a conceptual model of the longer term evolu-
tion of the river and the nature of the controls on exist-
ing floodplain and channel form inherited from past 
processes; and
• provide the data necessary for identification of natural 
channel characteristics that are used to develop an in-
dex of channel naturalness. 
b) Survey work and analysis
A geomorphological appraisal based on a walk-over sur-
vey is then conducted to fully identify physical impacts 
and their causes, and to inform strategies for monitoring 
and restoration.  In the appraisal, the geomorphological 
and sedimentary processes operating across the catchment 
are mapped out, an understanding is developed of the ar-
tificial modifications that have taken place, and their geo-
morphological and ecological significance are evaluated. 
c) Restoration vision
Following collection of further field data, and having 
identified the adverse ecological consequences of physi-
cal modification on the characteristic flora and fauna of 
the river types present, a whole-river restoration vision is 
developed based on the geomorphological and ecological 
appraisal (see Fig. 10 for a visual illustration), and a simple 
assessment of flood risk.  
The high-level restoration vision illustrates how the 
restored river would look and behave, and interact with 
its floodplain.  The vision aims to reflect the behaviour of 
the river under natural conditions, i.e. low levels of human 
modification (similar to the concept of reference conditions 
under the WFD).  However, it does need to be realistic 
in terms of any constraints to removing physical modifi-
cations that are considered to be immovable, even when 
viewed from a long-term perspective (e.g. urban areas, es-
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sential infrastructure that cannot be moved).  In some plac-
es, the vision will be able to include the restoration of both 
in-river processes and river-floodplain interactions, whilst 
in other places restoration will necessarily need to work 
within the confines of the river channel and its immediate 
riparian zone.  From a biodiversity perspective, the vision 
needs to bear in mind any potential conflicts with the ex-
isting conservation interest on the floodplain and consider 
how this interest might be catered for within a more natu-
rally functioning river/floodplain system (see Mainstone et 
al.  (2016) for further explanation of this issue).  Overall, the 
vision needs to be considered as being consistent with the 
favourable condition of the SSSI, where the constraints to 
the restoration of natural processes that are recognised by 
the vision are properly justified and considered to be ac-
ceptable in the context of the restoration of the whole river.
There may need to be a number of these illustrated 
visions for a single riverine SSSI, covering the variation in 
river character within the system.
d) Assigning potential measures
Potential restoration measures are identified, outlining the 
ecological benefits in relation to the characteristic biological 
community of the river.  Likely benefits, and possible ad-
verse effects, of the measures on river and water use (land-
scape, recreation, fisheries, abstraction, riparian land use, 
etc.) are outlined, along with potential ways of enhancing 
such benefits and mitigating any possible adverse effects.  
Management measures are categorised according to 
scale, ranging from (1) minor in-channel/riparian works to 
(2) major engineering works on channel and bank struc-
ture and (3) major changes in riparian land use.  Emphasis 
is placed on assisted natural recovery wherever possible, to 
minimise costs and allow the channel to express its charac-
teristic form in a sustainable way.  Maps and a summary of 
management measures at a reach level are then produced 
for consultation (e.g. Fig. 11).
Fig. 10.  Idealised illustrated vision of the lower River Avon SAC (Halcrow, 2006.)
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e) Consultation
Specific consultation on the high-level restoration vision 
and reach-based proposals is then undertaken.  Based on 
the consultation, the outline plan is refined to take account 
of additional constraints and opportunities identified, 
and efforts made to agree the plan in principle with key 
stakeholder groups.  This stage can include wide-ranging 
discussions on issues such as how to maintain angling op-
portunities, built heritage interest and existing floodplain 
biodiversity interest (which may currently be supported 
by existing river modifications).  Innovative thinking and 
open minds are required to identify how different interests 
can be served within a restored river system.  It is often pos-
sible to satisfy stakeholder interests in ways that are differ-
ent to how they are currently satisfied, and provide a better 
stakeholder outcome.  This can include renovating built in-
terest whilst eliminating or reducing its impact on natural 
riverine processes, and improving the natural productivity 
of fish populations to enhance the angling experience. 
Detailed sequencing and prioritisation of restoration 
measures is subsequently undertaken to ensure that key 
constraints to natural riverine processes are removed first. 
This avoids nugatory mitigation works wherever possible 
and maximises the role of natural recovery.  Implementa-
tion of some measures needs to be followed by a period to 
allow for channel adjustment before further specific works 
are considered.  More detailed reach-based implementa-
tion plans are then developed, with more local consultation 
processes for those directly affected by schemes.
Fig. 11.  Reach based restoration actions on the River Eye – draft for consultation (Royal Haskoning DHV , 2013).
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Implementation of strategic plans
Whilst the coverage of the river SSSI series with strategic 
plans is a major achievement, and bears testimony to the 
hard work and dedication of local staff in the Environment 
Agency, Natural England and stakeholder organisations 
such as rivers trusts, any plan is only of benefit if it is acted 
upon.  Individual schemes within plans are now being 
implemented across the river SSSI series, according to logi-
cal sequencing of measures in line with restoring natural 
habitat function through natural riverine processes.  Infor-
mation on individual rivers, including strategic restoration 
plans, information on implementing individual schemes, 
and newsletters describing progress with plan implemen-
tation, can be found on the dedicated webpage on the River 
Restoration Centre website http://www.therrc.co.uk/desig-
nated-rivers .
Wherever possible, constraints to natural habitat func-
tion are being dealt with at source, to free up natural pro-
cesses and allow self-restoration of the river.  This leads to 
a focus on ensuring the channel is of the right dimensions, 
has freedom of coarse sediment supply and planform 
movement, and has riparian trees to interact with and sup-
ply large woody material to the channel.  The measures 
being implemented vary widely, from weir removals, 
meander reconnections, removal of floodbanks and bank 
revetments, restoring bed substrates and levels, and bank 
reprofiling to selective bankside tree-planting and intro-
duction of woody material. 
The approach taken to restoration varies between 
rivers depending on the character of the river, the 
modifications affecting it, and its ability to restore it-
self through natural processes.  Those rivers with high 
stream power and plentiful coarse sediment supply 
have greater capacity to self-restore, although the haz-
ards to people and property are greater and need careful 
consideration.  The capacity of rivers with lower stream 
power to self-restore is lower and restoration often has 
to be more interventionist, although a great deal of resto-
ration work can be achieved by establishment of woody 
and non-woody (encroaching marginal and in-channel 
vegetation) material, if the basic dimensions of the chan-
nel are corrected. 
Stemming from the principles in Box 1, the general ap-
proach to implementation has been voluntary, focussing 
on the biodiversity and societal benefits and the provision 
of incentives to affected landowners.  Where site-specific 
obstacles to progress have arisen, the SSSI series has been 
sufficiently large to focus effort where those obstacles are 
less apparent.  A long-term perspective has meant that 
such obstacles can be ‘parked’ in the hope that time, and 
progress elsewhere, will allow changes in mindset that al-
low the obstacles to be overcome.  
However, some obstacles to progress are widespread 
and have required generic solutions along the way.  A com-
monly occurring issue has been a lack of mechanism to en-
courage the restoration of planform movement, which is so 
essential to restoring the natural habitat mosaic of the river 
channel and its riparian zone.  To address this, a new agri-
environment option has been generated specifically for 
England to recognise the income lost by landowners in al-
lowing the river to erode through agricultural land.  This is 
a new measure that is only just being made available, and 
will typically need to be applied in conjunction with meas-
ures to constrain the extent of channel movement through 
the establishment of an acceptable erodible corridor (Pié-
gay et al., 2005).
River restoration plans allow the Environment Agency, 
Natural England and local partnerships to take a long term 
approach to securing funding from a range of sources. 
Using restoration plans to prioritise the individual reach-
level projects, rolling bids are made by the Environment 
Agency, Natural England and others to Water Framework 
Directive funding streams and to, agri-environment, and 
woodland grant schemes.  These bids sit alongside op-
portunistic bids to a range of other funding sources.  Work 
in-kind from partners, including the river trusts , wildlife 
trusts and angling clubs is a critical part of implementing 
restoration actions.  Increasingly funding is being secured 
from private sources including charitable trusts, private 
companies and landowners. 
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Case study 1 – The River Wensum Special 
Area of Conservation 
The River Wensum is a chalk river in East Anglia, notified 
as a whole-river SSSI and also a SAC under the Habitats 
Directive.  It was used as a pilot for the national approach 
to strategic river SSSI restoration planning. 
Following completion of the restoration strategy for the 
river, a detailed feasibility study was undertaken on each 
of the main sections of the SSSI.  Subsequent implementa-
tion of the strategy has drawn together statutory agencies, 
professional advisors and local partners to deliver major 
improvements to the river.  The steering group consists of 
the Environment Agency, Natural England, and a consor-
tium of Internal Drainage Bodies (IDBs).
The Environment Agency has taken the lead in imple-
menting the strategy, using Flood Risk Management funds 
to resource the majority of the work.  The Norfolk Rivers 
IDB has also secured flood defence funding to restore 6.7 
km of river for which they are the operating authority.  Im-
plementation of river restoration, wetland habitat creation 
and Rural Sustainable Drainage has also been achieved by 
Pensthorpe Conservation Trust through a Government 
fund for Water Framework Directive implementation. 
Other funding strands being considered include agri-envi-
ronment budgets and a partnership scheme working with 
the water supply company (Anglian Water). 
A key part of the Wensum restoration programme is 
the establishment of a monitoring strategy to evaluate the 
ecological response of the river to the restoration work. 
This involves survey of changes in morphology and key 
biological groups (plants, macroinvertebrates and fish) at 
regular intervals before and after restoration.  
As of August 2015, 15 kilometres of the River Wensum 
SAC have been restored including some ambitious works 
to re-meander reaches and reconnect to old channels left 
abandoned by post-World War 2 river channelisation 
works.  The Environment Agency and partners are cur-
rently developing design plans for a further 10 km of the 
Wensum and plan to restore 4  kilometres of river in 2015. 
The Norfolk Rivers IDB has recently secured funds to re-
store all of their administered reach (6.7  kilometres) with 
work on the ground starting in September 2015.
An example of a reach-level scheme on the 
Wensum - Great Ryburgh meander loop 
A total of 320  metres of the river channel at Great Ryburgh 
was disconnected and placed into a deep engineered chan-
nel around 1950.  Flows in the engineered channel were 
slow and uniform, resulting in a silted river bed.  The old 
meander loop silted up and became partly obscured by 
vegetation.  
The design philosophy was to restore natural function, 
form and process along the meander loop and the down-
stream section of engineered channel.  Restoration meas-
ures included reconnecting flow from the main channel 
and an IDB drain into the old meander loop, re-establish-
ing an appropriate cross section, and re-introducing gravel 
and large woody material.  The new channel was designed 
to be self-sustaining, removing any need for regular main-
tenance.  The restoration of plan form and channel length 
can be seen in Fig. 12.
Initial macrophyte surveys completed less than one 
year after construction recorded 31 aquatic and marginal 
plant species including a number strongly associated 
Fig. 12.  Before (top image) and after restoration of the Ryburgh 
meander loop on the River Wensum, aerial images (top image 
courtesy of the Environment Agency; bottom image, Google maps).
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with swift-flowing chalk streams.  Macro-invertebrate 
sampling indicated rapid establishment of a species-rich 
assemblage and a number of the taxa (such as Goerid cad-
disflies and the mayfly Serratella ignita) are associated with 
fast to moderate flows and gravel substrates.  Fish surveys 
recorded the presence of 31 fish on the straightened chan-
nel prior to restoration; a year after restoration, 384 fish 
were recorded in the re-established meander loop.  These 
included good numbers of native brown trout and Habi-
tats Directive species such as bullhead and brook lamprey. 
A follow-up survey in 2013 showed a similar improve-
ment in fish populations.
Case study 2 - Cumbria rivers  
The River Eden SAC, Derwent and tributaries SAC, and 
Kent SAC, are all upland river systems with high stream 
power.  Restoration plans were developed using flood 
risk management funds and Natural England budgets 
for restoring SSSIs.  Delivery is being taken forward by a 
partnership of the Eden Rivers Trust, West Cumbria Riv-
ers Trust, South Cumbria Rivers Trust, Natural England 
and the Environment Agency.  Significant landowners 
such as the National Trust are also closely involved.  A 
mixture of funding from flood risk management and Wa-
ter Framework Directive delivery budgets, European Un-
ion funds (Interreg programme), and agri-environment 
budgets is being used to develop and implement projects 
on the ground.
Until recently, very little river restoration on mobile 
gravel rivers such as those in Cumbria had been undertak-
en in England.  It presents significant challenges both tech-
nically and in terms of securing the long term changes in 
land management required.  Once restored, the river will 
be free to move laterally.  From a landowners perspective, 
this can result in loss of highly valuable ‘“in-bye’” land in 
the valley floor.  As a result of the Cumbria experiences, a 
new agri-environment option ‘Making Space for Water’ was 
developed to support land- use change associated with re-
storing dynamic river processes that result in lateral move-
ment of the channel.
The scale of restoration, potential loss of land and 
the number of landowners involved means that a huge 
amount of time has had to be invested in developing res-
toration schemes and getting landowner agreement on the 
Cumbria rivers.  Early projects have had to be fairly inter-
ventionist as landowners wanted a reasonable amount of 
certainty about the project outcomes.  In some locations a 
perched channel and embankments mean that an inter-
ventionist approach will still be required, but generally it is 
Fig. 13.  Straightened reach of the River Lyvenett (after flow was diverted into the restored channel), showing the uniformly coarse bed 
material and incised channel (image courtesy of Helen Reid, Environment Agency).
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hoped that now demonstration sites have been established 
there will be more opportunity to let natural processes re-
store river habitat function.
An example of a reach-level scheme in Cumbria 
– the River Lyvennet (tributary of the Eden) 
The  River Lyvennet at Barnskew was straightened, 
dredged and realigned sometime before the oldest avail-
able survey map from 1867 was drawn and a weir con-
structed.  The resulting increase in velocity caused the 
channel to erode its bed and incise downwards, discon-
necting the channel from its floodplain.  As a result, the 
naturally diverse in-channel habitat mosaic was lost (Fig. 
13) and the river lacked the variety needed to support 
characteristic biological assemblages including the full 
range of life stages of fish and macroinvertebrates spe-
cies, such as the highly endangered white clawed cray-
fish Austropotamobius pallipes.
Fig. 15.  Outline design showing channel reinstatement into the 
old course of the River Lyvenett (from Hey, 2013).
Fig. 14.  Enhanced (de-trended) Lidar data showing current and 
old channels of the River Lyvenett (image courtesy of Helen Reid, 
Environment Agency).
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Two kilometres of river were restored by reinstating 
an old meandering channel and bypassing a weir.  The ap-
proach taken was to restore the river using the old channels 
(paleo-channels) which were still evident on the floodplain. 
Lidar data were manipulated (Fig.14) to identify which 
channel would be the most suitable.  As there have been 
minimal changes to patterns of sediment and flow across 
the catchment, returning the river to this alignment should 
provide a more sustainable form which supports natural 
river processes.  The restoration design is shown in Fig. 15.
When the old channel was excavated, the original river 
bed was found, so bed material did not have to be import-
ed and the old channel could be used to define channel di-
mensions and habitat.  The original bed material was much 
finer (mainly gravel) compared with the impacted channel 
(mainly cobbles and boulders), and provided spawning 
gravels which could not be retained in the hostile hydrau-
lic regime of the straighter, steeper channel.  The restored 
channel contains abundant gravels, both submerged and 
exposed (Fig.ure 16) – the exposed gravel shoals are impor-
tant in supporting characteristic invertebrate assemblages 
adapted to seasonal exposure (Sadler & Bates, 2007).,  The 
channel flows through two patches of existing woodland 
and additional floodplain tree planting is being undertak-
en to provide further riparian habitat and woody material 
for the channel (Fig. 17).  In addition to ecological restora-
tion, the scheme should also slow the transport of water, 
providing local flood risk benefits, which if applied as part 
of similar measures across the catchment could suppress 
flood peaks.
Monitoring of the restoration site was undertaken be-
fore the works using a remote sensing system.  Post-res-
toration monitoring is being carried out using unmanned 
aerial vehicles (UAVs) and creating 3D Digital Elevation 
Models.  In addition, pre-restoration fixed point photogra-
phy and fish, crayfish and wider invertebrate surveys have 
been undertaken by various interests, all of which will be 
repeated.  Initial observations suggest that the number of 
salmonids using the reach to spawn increased in the first 
winter after restoration.
Reflections on the past decade of 
work 
Physical restoration of the English river SSSI series has 
come a long way in the past ten years, but not without 
some ups and downs.
The early years of the project were dominated by dif-
ficulties in generating a shift in operational mindset away 
from a short-term, small-scale approach to a long-term, 
Fig. 16.  The restored River Lyvennet showing development of gravel bars and tree planting that will eventually supply the woody material 
to complete the river habitat mosaic (image courtesy of Helen Reid, Environment Agency).
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strategic focus on whole rivers.  This mindset was under-
standably driven by the (comparatively) short timescales 
associated with targets related to SSSIs and SACs (2010), 
and also WFD protected areas and ecological status objec-
tives (2015).  This situation led to problems with securing 
resources, which only subsided when the planning pro-
cess was demonstrated to be viable and effective, and 
capable of showing that the right restoration philosophy 
was being pursued with a suitable level of vigour.  This 
breakthrough led to the establishment of a national pro-
ject officer, and momentum and project organisation built 
from there.
The relatively high investment in developing plans be-
fore any implementation work could be undertaken was a 
source of considerable tension with budget- holders.  The 
proliferation of plans for different types of habitat restora-
tion at that time generated ‘plan- fatigue’, and there was 
a strong push to ‘get on’ with implementing measures. 
However, for river SSSI restoration, plan development was 
a fundamental stage in the process and without it there 
would be no strategic programme of practical implemen-
tation today. 
A useful by-product of the plans has been the space 
allowed for mental adjustment to change – setting chal-
lenging restoration goals but of an aspirational nature and 
with longer-term timescales has helped local stakeholders 
to mentally adjust to change without necessarily feeling 
threatened by it, giving time to measure up the benefits 
and disadvantages.  Early implementation of strategic 
measures on some river sections has allowed stakeholders 
to see the benefits and encouraged them to adopt a positive 
mindset to restoration, which has allowed momentum for 
change to be built.
In contrast, there can be a local tendency for restora-
tion activity to re-fragment within the catchment, so that 
local stakeholders connected to a particular reach can ‘get 
on’ with doing something.  This can generate superficial 
works that do not address underlying problems with natu-
ral processes.  Maintaining the profile of the strategic plan, 
and in particular its vision for how to restore natural habi-
tat function, is fundamental to counteracting this tenden-
cy.  The maintenance of budgets for national programme 
management, and local governance through stakeholder 
partnerships, is the means by which a focus on the strategic 
plan can be maintained.  Budgets for this sort of indirect 
cost can be difficult to sustain, but the high profile of the 
programme has helped to achieve this.   
Whilst considerable progress has been made in recent 
years with implementing strategic plans, it remains to be 
seen how much restoration can be achieved through pure-
Fig. 17.  Aerial image showing the River Lyvennet restored to its pre-straightened channel (image courtesy of the Eden River Trust).
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ly voluntary means and incentivised land management. 
Regulatory mechanisms exist that could be applied, and 
may be required in some site-specific circumstances.  Land 
purchase and covenants are tools whose potential has not 
been explored in the context of river restoration in England, 
and may be more effective in securing lasting restoration 
benefits than fixed-term land management agreements. 
The jury is still out on the extent to which the river SSSI 
restoration programme has influenced the way in which 
river restoration is perceived and undertaken in the wider 
river network, in England or further afield.  Moves towards 
larger-scale restoration of natural processes have been 
work-in-progress for many years, and momentum has 
been building slowly for the type of approach adopted on 
the river SSSI network.  Action to achieve ecological status 
objectives under the WFD is progressively including meas-
ures to restore natural processes; for instance, the removal of 
weirs rather than the installation of fish passes.  It is hoped 
that the SSSI programme has been, and will continue to be, a 
catalyst for change.  Information about the programme has 
only recently coalesced into a coherent and readily accessi-
ble body of work through the RRC website, and this should 
help extend its influence.  This internet presence has already 
resulted in the use of the programme as a demonstration of 
good practice in countries like Norway and South Korea.
One area that has received variable attention within the 
SSSI programme to date is the strategic evaluation of ben-
efits.  As activity moves from planning to implementation, 
this is the time to put in place cost-effective monitoring 
programmes that contain sufficient resolution of ecologi-
cal changes and extend over sufficiently long timescales. 
Work on some SSSI rivers has already shown what data 
can be generated relatively easily, and is making important 
contributions to the evidence base.  Evaluation of wider 
ecosystem benefits is also important, and suitable methods 
are being developed by UK researchers to provide the basis 
for this.  Difficulties in securing funds for adequate moni-
toring of long-term delivery projects remain, and a stra-
tegic focus on particular rivers and schemes is sure to be 
necessary, at least for more in-depth and costly monitoring 
approaches.  Partnerships with local universities are likely 
to be the most effective means of securing a lasting associa-
tion between river restoration and monitoring.
Prognosis for future implementation
The River Wensum SAC was the first river to be taken 
through the planning process and has therefore been in 
train the longest.  It provides a good example of what 
can be achieved when the momentum for implementing 
long-term, strategic restoration plans can be maintained 
by dedicated local staff, supported by proactive national 
programme management.  The work on the Wensum 
goes from strength to strength and provides confidence 
that the strategic model used for river SSSI restoration is 
sound.
However, ultimately (as the 2010 Government target 
for SSSIs demonstrates) it is the framing of legal obligations 
and policy commitments that generates and maintains 
the momentum for action.  These obligations and com-
mitments require that progress with river SSSI restoration 
plans is maintained at a suitable rate, and structured re-
porting on progress against the plans provides the means 
to demonstrate this.  This should ensure that the higher-
level drivers keep plan implementation on track.
New mechanisms are coming on stream to help over-
come at least some of the obstacles to strategic river resto-
ration, particularly incentives for allowing lateral channel 
movement.  The use of mechanisms such as land purchas-
es and covenants needs to be explored to provide further 
momentum for implementation. 
Stakeholder conservatism, driven by understandable 
concerns about the possible consequences of river restora-
tion, has been a major obstacle to strategic river restoration. 
However, there are signs that this conservatism is begin-
ning to fragment and a more open mindset is emerging. 
Recent flooding events in England have created calls for 
a return to historical dredging regimes based on histori-
cal flood defence philosophy, but alongside this there is 
an informed stakeholder voice espousing natural flood 
management planned at the catchment-scale that works 
in harmony with the restoration of natural river ecosystem 
function.  With more information becoming available on 
the benefits of river restoration, it is reasonable to hope that 
the informed stakeholder voice will increase in strength 
over time.
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At the time of writing the economic outlook is bleak, 
but strategic restoration plans allow resources to be used 
as and when they become available.  The timescales associ-
ated with plan implementation can be lengthened (if jus-
tified) without altering the objectives and measures.  This 
flexibility is a major strength of the programme as long as a 
regulatory overview is maintained to ensure that progress 
is not unreasonably slowed.  Arguably the greatest risk 
to continued progress is that resources may not be main-
tained for managing the programme in a coherent way. 
This would jeopardise the position of strategic plans at the 
centre of local decision-making and may trigger a return 
to a short-term, small-scale approach, based on creating 
habitat features  rather than restoring the natural processes 
that sustain dynamic river and floodplain habitat mosaics. 
This must be avoided to ensure that a long-term  and eco-
logically sustainable approach, fit for a changing climate, 
is maintained.
Acknowledgements
The river SSSI restoration programme is a collaboration 
between Natural England and the Environment Agency 
and a wide range of local organisations and individuals. 
Progress to date has only been possible through the dedi-
cation and hard work of local Natural England and Envi-
ronment Agency officers (the latter including staff in Flood 
Risk Management and Biodiversity) and local stakeholders 
who share our vision for strategic river restoration based 
on natural riverine processes.  We are particularly grateful 
for the support of Sally Woodford and Duncan Huggett in 
the Environment Agency in securing vital funds to develop 
the strategic plans on which so much restoration work is 
now based.
The following staff have been instrumental in the de-
velopment and implementation of the restoration plans 
featured in this paper and have contributed to the produc-
tion of the case studies: River Wensum – Richard Leishman 
and Hannah Wallace (Natural England), Adam Thurtle 
and Rob Dryden (Environment Agency), and Ian Morrisey 
(Atkins); Cumbria -– Maggie Robinson (Natural England), 
David Brown, Helen Reid and Olly Southgate (Environ-
ment Agency).
References
Armitage, P.D. & Pardo, I. (1995).  Impact assessment of regulation 
at the reach level using macroinvertebrate information from 
mesohabitats.  Regulated Rivers: Research and Management, 
10,147-158.
Armitage, P.D., Pardo, I. & Brown, A. (1995).  Temporal constancy 
of faunal assemblages in mesohabitats: applications to 
management.  Archiv für Hydrobiology, 133, 367-387.
Defra (2011).  Biodiversity 2020: a strategy for England’s wildlife 
and ecosystem services.  Department of the Environment, 
Food and Rural Affairs.  Document reference PB13583. 
Available at: https://www.gov.uk/government/publications/
biodiversity-2020-a-strategy-for-england-s-wildlife-and-
ecosystem-services , as at January 2016.
Environment Agency (2010).  Our river habitats -– river habitats in 
England and Wales: current state and changes since 1995-–96. 
Environment Agency, Bristol. 
European Parliament & Council (2000).  Directive 2000/60/EC 
of 23 October 2000 establishing a framework for Community 
action in the field of water policy.  Official Journal of the European 
Communities L 327, 1-73.  Office for Official Publications of the 
European Communities, Brussels.22.12.2000.
European Parliament & Council (1992).  Directive 92/43/EEC of 21 
May 1992 on the conservation of natural habitats and of wild 
fauna and flora.  Official Journal of the European Communities 
L 206,  7-5022.7.1992.  Office for Official Publications of the 
European Communities, Brussels.
Feld, C.K., Birk, S., Bradley, D.C., Hering, D., Kail, J., Marzin, A., 
Melcher, A., Nemitz, D., Pedersen, M.L., Pletterbauer, F., Pont, 
D., Verdonschot, P.F.M. & Friberg, N. (2011).  From natural to 
degraded rivers and back again: a test of restoration ecology 
theory and practice.  Advances in Ecological Research, 44 (3), 
119-209. 
Graf, W.L. (2006).  Downstream hydrologic and geomorphic 
effects of large dams on American rivers.  Geomorphology, 79, 
(3-4), 336-360. 
Halcrow (2006).  Strategic Restoration Plan for the Avon.  Report 
to the Environment Agency and Natural England.  Available at: 
http://www.therrc.co.uk/designated-rivers , as at January 2016.
Harper, D. M, Smith, C., Barham, P., & Howell, R. (1995).  The 
ecological basis for the management of the natural river 
environment.  In: The Eecological Basis for Rriver Mmanagement 
(ed. D.M. Harper & A.J.D. Ferguson), pp. 311-319.  John Wiley, 
Chichester.
Hey (2013).  Restoration plan for the River Lyvennet scheme. 
Report to the Environment Agency (unpublished) .
24
DOI: 10.1608/FRJ-8.1.927
Mainstone, C, & Wheeldon, J.
© Freshwater Biological Association 2016
Hladyz, S., Åbjörnsson, K., Chauvet, E., Dobson, M., Elosegi, 
A., Ferreira, V., Fleituch, T., Gessner, M.O., Giller, P.S., Gulis, 
V., Hutton, S.A., Lacoursière, J.O., Lamothe, S., Lecerf, A., 
Malmqvist, B., McKie, B.G., Nistorescu, M., Preda, E., Riipinen, 
M.P. & Rîşnoveanu, G. (2011).  Stream ecosystem functioning in 
an agricultural landscape: the importance of terrestrial–aquatic 
linkages.  In: Advances in Ecological Research, 44 (3), 211-276. 
Holmes, N., Boon, P. & Rowell, T. (1999).  Vegetation Communities 
of British rivers: a Revised Classification.  JNCC, Peterborough. 
Available at: http://jncc.defra.gov.uk/page-2619 , as at January 
2016.
Hynes, H.BN. (1970).  The Ecology of Running Waters.  Liverpool 
University Press.
JNCC (2014).  Common Standards Monitoring guidance for 
rivers.  Joint Nature Conservation Committee, Peterborough. 
Available on-line at http://jncc.defra.gov.uk/pdf/CSM_rivers_
jan_14.pdf , as at January 2016.
Kernan, M., Batttarbee, R.W. & Moss, B.R. (eds.) (2010).  Climate 
Cchange Iimpacts on Freshwater Eecosystems.  Wiley-Blackwell, 
Chichester.  
Lorenz, A.W., Stoll, S., Sundermann, A. & Haase, P. (2013).  Do 
adult and YOY fish benefit from river restoration measures? 
Ecological Engineering, 61, 174-181.
Lucas, M.C., Bubb, D.H., Jang, M-H, Ha, K. &.Masters, J.E.G. 
(2009).  Availability of and access to critical habitats in regulated 
rivers: effects of low-head barriers on threatened lampreys. 
Freshwater Biology, 54, 621-634.
Lüderitz, V., Speierl, T., Langheinrich, U., Völkl, W., & Gersberg, 
R.M. (2011).  Restoration of the Upper Main and Rodach rivers – 
the success and its measurement.  Ecological Engineering, 37 (12), 
2044-2055. 
Mainstone, C.P. (2008).  The role of specially designated wildlife 
sites in freshwater conservation – an English perspective. 
Freshwater Reviews, 1, 89-98.
Mainstone, C.P. & Clarke, S.J. (2008).  Managing multiple stressors 
on sites with special protection for freshwater wildlife – the 
concept of Limits of Liability.  Freshwater Reviews, 1, 175-187.
Mainstone, C.P. & Holmes, N.T.E (2010).  Embedding a strategic 
approach to river restoration in operational management 
processes — experiences in England.  Aquatic Cconservation: 
Marine and Freshwater Ecosystems 20 (Suppl. 1), S82-S95. DOI: 
10.1002/aqc.1095.
Mainstone, C.P., Hall, R. & Diack, I. (2016).  A narrative for 
conserving freshwater and wetland habitats in England. 
Natural England. Research report NERR064.  Available at: 
http://publications.naturalengland.org.uk/publication/6524433
387749376?category=429415
Mainstone, C.P., Laize, C. & Webb, G. (in press).  Review of the 
river SSSI series in England.  To be published as a Natural 
England Research Report. 
Mainstone, C.P., Holmes, N.T., Armitage, P.D., Wilson, A.M., 
Solomon, D, and & Westlake, D. (1999).  Chalk rivers: nature 
conservation and management.  English Nature, Peterborough. 
184pp.  Available at: http://publications.naturalengland.org.uk/
publication/5981928, as at January 2016.
Menezes, S., Baird, D., & Soares, A.M.V.M.  (2010).  Beyond 
taxonomy: a review of macroinvertebrate trait-based 
community descriptors as tools for freshwater biomonitoring. 
Journal of Applied Ecology, 47 (4), 711–719. DOI: 10.1111/j.1365-
2664.2010.01819.
Muhar, S., Jungwirth, M., Unfer, G., Wiesner, C., Poppe, M., 
Schmutz, S., Hohensinner, S. & Habersack, H. (2007).  Restoring 
riverine landscapes at the Drau River: successes and deficits 
in the context of ecological integrity.,  In: Developments in Earth 
Surface Processes (ed. H. Habersack, H. Piégay & M. Rinaldi), 11, 
779-803.
Natural England (2015).  River Restoration theme plan.  A 
strategic approach to restoring the physical habitat of rivers 
in England’s Natura 2000 series.  Natural England, Sheffield. 
Available at: http://publications.naturalengland.org.uk/
publication/5478339747774464 , as at January 2016. 
Palmer, M., Menninger, H.L. & Bernhardt, E. (2010).  River 
restoration, habitat heterogeneity and biodiversity: a failure of 
theory or practice?  Freshwater Biology, 55 (Suppl. 1), 205-222.  
Pedersen, T.C.M., Baattrup-Pedersen, A. & Madsen, T.V. (2006). 
Effects of stream restoration and management on plant 
communities in lowland streams.  Freshwater Biology, 51, 
161-179.
Piégay, H., Darby, S.E., Mosselman, E. & Surian, N. (2005).  A 
review of techniques available for delimiting the erodible river 
corridor: a sustainable approach to managing bank erosion. 
Rivers Research and Applications, 21, (7), 773-789.
The Pitt Review (2008).  Learning lessons from the 2007 
floods.  Cabinet Office, London.  Available at: http://
webarchive.nationalarchives.gov.uk/20100807034701/http:/
archive.cabinetoffice.gov.uk/pittreview/_/media/assets/
www.cabinetoffice.gov.uk/flooding_review/pitt_review_
full%20pdf.pdf , as at January 2016.
Raven, P.J., Fox, P.J.A., Everard, M., Holmes, N.T.H. & Dawson, 
F.H. (1997).  River Habitat Survey: a new system for classifying 
rivers according to their habitat quality.  In: Freshwater Quality: 
Defining the Indefinable?  (eds. P.J. Boon & D. Howell), pp. 
215-234.  The Stationery Office,  Edinburgh.
Royal Haskoning DHV (2013).  River Eye SSSIi: Strategic 
Restoration Plan.  Report to Natural England.  Available at: 
http://www.therrc.co.uk/designated-rivers , as at January 2016.
Sadler, J.P. & Bates, A.J. (2007).  The ecohydrology of invertebrates 
associated with exposed riverine sediments.  In: Hydroecology 
DOI: 10.1608/FRJ-8.1.927
25Review of river SSSI restoration programme
Freshwater Reviews (2016) 8, pp.1–25 
and Ecohydrology: Past, Present and Future (ed. P.J. Wood, D.M. 
Hannah, & J.P. Sadler), pp. 37-52.  John Wiley and Sons, 
Chichester. 
Salant, N.L., Schmidt, J.C., Budy, P. & Wilcock, P.R. (2012). 
Unintended consequences of restoration: Loss of riffles 
and gravel substrates following weir installation.  Journal of 
Environmental Management, 109, 154-163.
Sear, D., Newson, M., Hill, C., Old, J. & Branson, J. (20098).  A 
method for applying fluvial geomorphology in support 
of catchment-scale river restoration planning.  Aquatic 
Cconservation: Marine and Freshwater Ecosystems 19 (5), 506-519. 
Published on-line, DOI: 10.1002/aqc.1022.
Smith, I. & Lyle, A. (1979).  Distribution of Freshwaters in Great 
Britain.  Institute of Terrestrial Ecology, Cambridge.,  44pp.
Thompson, R. & Townsend, C. (2006).  A truce with neutral theory: 
local deterministic factors, species traits and dispersal limitation 
together determine patterns of diversity in stream invertebrates. 
Journal of Animal Ecology, 75, 476-–484.
Townsend, C.R. & Hildrew A.G. (1994).  Species traits in relation 
to a habitat templet for river systems.  Freshwater Biology, 31, 
265-275.
Townsend, C.R., Doledec, S. & Scarsbrook, M.R. (1997).  Species 
traits in relation to temporal and spatial heterogeneity in 
streams: a test of habitat templet theory.  Freshwater Biology, 37, 
367-–387.
Chris has worked in the field of freshwater ecology 
and management for over 25 years, firstly at the Water 
Research Centre before joining English Nature in 1999 
and remaining in the same role in its successor body 
Natural England. For 15 years he has been responsible 
for technical guidance and advice on freshwater 
habitats, with a particular focus on river ecosystems. 
This includes: general conservation strategy for 
freshwater habitats; notifying, setting objectives and 
targets for, monitoring and management of sites with 
special wildlife designations; and mapping, assessing 
and managing priority freshwater habitats. He was 
instrumental in the development of the riverine SSSI 
restoration programme, the subject of this paper.
Jenny has worked in practical river restoration 
for over 15 years. She was project manager for the 
European-funded river restoration project on the 
River Avon SAC before becoming the national project 
manager of the English riverine SSSI restoration 
programme. She is responsible for the coordinating 
and facilitating all of the physical restoration work 
that is undertaken on the riverine SSSI series, 
including both the development of strategic plans 
and their practical implementation. 
Author Profiles
